The sequential Malmquist-Luenberger productivity index was employed to assess the sources of changes in the total factor productivity in Lithuanian family farms. 
Introduction
Assessment of efficiency and productivity change is especially important in the agricultural sector for the latter is related to voluminous public support as well as regulations. The application of benchmarking, thus, becomes especially important when fostering sustainable agricultural development. Furthermore, productive efficiency gains might result into lower costs as well as greater profit margins for the producer and better prices for the participants in the agricultural supply chain (Samarajeewa, 2012). C. Nauges et al. (2011) presented the following factors stressing the need for research into agricultural efficiency. First, agricultural producers typically own land and live on their farms, therefore the standard assumption that only efficient producers are to maintain their market activity usually does not hold in agriculture; moreover, suchlike adjustments would result in various social problems. Second, the policy interventions, viz. education, training, and extension programmes, should increase the efficiency. Third, policy issues relating to farm structure are of high importance across many regions. Furthermore, A. Henningsen (2009) argued that effi-ciency of the agribusiness is related to labour intensity, farm structure, technology and investment, managerial skills, and profitability. One thus needs to develop appropriate measures of efficiency and productivity.
Frontier methods are the primal tool for assessment of efficiency and productivity change (Bogetoft, 2011; Gorton, 2004; Murillo-Zamorano, 2004; Chou, 2012) . These can be classified into the two broad categories of non-parametric and parametric methods. The main difference between them is that non-parametric methods aim at defining an empirical production frontier rather than theoretical one. These efficiency measures can be employed to construct various productivity indices, which, in turn, can be further decomposed into certain terms describing the different factors on productivity change (Bojnec, 2009; . Specifically, the three types of indices are commonly utilized to estimate the dynamics of the total factor productivity viz. (i) Malmquist index, (ii) Hicks-Moorsteen index, and (iii) Luenberger index (Färe, 2008) . The Malmquist productivity index relies on multiplicative relations and usually is either input-or output-oriented. The Hicks-Moosteen index is based on input and output modification. The Luenberger productivity index (Luenberger, 1992; Chambers, 1996) is based on additive decomposition and directional distance function. Moreover, H. Tulkens and P. Vanden Eeckaut (1995) defined the three types of the TFP indices, namely (i) contemporaneous, (ii) sequential, and (iii) intertemporal indices. This paper employs the sequential Malmquist-Luenberger productivity index (Oh, 2010) , which is more robust as outliers have lesser effect on the shape of the production possibility set. Furthermore, no technical regress is allowed which might be true in the agricultural sector assuming that farmers do not lose their knowledge.
The paper aims at analysing the productivity change in Lithuanian family farms and thus discussing agricultural policy implications. Up to now, only a handful of studies attempted to analyse the efficiency of the Lithuanian family farms: international comparisons were carried out in order to analyse the differences among the European Union member states (Rimkuvienė, 2010; Baležentis, 2011; 2012c) , some studies analysed the aggregate data on Lithuanian farm performance (Baležentis, 2012b) whereas other studies employed the micro data (Douarin, 2011; Baležentis, 2012a . Most of them were based on aggregate data analysis. Therefore, it is important to assess the productivity change in the Lithuanian agricultural sector and thus identify prospective factors and sources of the productive growth.
The paper proceeds as follows: Section 2 treats the computation and decomposition of the sequential Malmquist-Luenberger productivity index. Section 3 presents the data employed for the research and results of the analysis.
Preliminaries for the sequential Malmquist-Luenberger index

Productive technology and the sequential Malmquist-Luenberger index
In order to relate the Debreu-Farrel measures to the Koopmans definition of efficiency, and to relate both to the structure of production technology, it is useful to in-troduce some notation and terminology (Fried, 2008 
Thus, Koopmans efficiency holds for an input-output bundle   T  x, y if, and
The R. W. Shepard (1953) and M. J. Farrel (1957) measures of efficiency can be generalized into the directional technology distance function (Färe, 2008) . In this case direction of improvement can be considered as a vector rather than a scalar (as in case of Shepard and Farrel distance functions). Thus, let 
Technology is denoted by T, whereas the directional vector g is in the fourth quadrant indicating that the inputs are to be contracted and outputs augmented simultaneously. To be specific, inputs are scaled down by g x , whereas outputs are increased by g y . Thus the directional vector is transformed into H. Tulkens and P. Vanden Eeckaut (1995) defined the three types of the TFP indices, namely (i) contemporaneous, (ii) sequential, and (iii) intertemporal indices. In order to facilitate the sequential Malmquist-Luenberger index, one needs to define some additional production sets. The contemporaneous production set is defined in the following way:
where index τ denotes respective time period with 1,2, , ,..., tT
 
. This technology set consists of the input-output bundles observed at the period τ. Meanwhile, the sequential production set for the period τ is the union of the preceding contemporaneous sets and a contemporary set (Tulkens, 1995) :
The contemporaneous efficiency measure,
x,y;g ,g x g y g , τ={t, t+1}, can be employed to construct the contemporaneous Malmquist-Luenberger productivity index and thus quantify the change in total factor productivity between the two periods, t and t+1, in the following manner (Chung, 1997):
where s={t, t+1}. In order to avoid the arbitrary choice of the base period, τ, a geometric mean of the two consecutive contemporaneous is used as a measure of change in total factor productivity: 
x,y;g ,g x g y g , s={t, t+1}, and sequential production possibility sets (Eq. 4): 
The geometric mean form of the Luenberger-Malmquist productivity index can be decomposed into the two components as follows: 
EC
 is greater than unity, a DMU is said to have improved its efficiency in terms of respective sequential frontier, i. e. it experienced a catching-up movement in between time periods t and t+1. On the contrary, the ,1 tt EC  component lesser than unity indicates a DMU specific with a divergence from the production frontier throughout the time.
The technical change is captured by The two terms of the Malmquist productivity index-efficiency change and technical change-were already presented in the study of R. Färe et al. (1992) . As it was already mentioned, that decomposition assumed a CRS technology and omitted the scale efficiency from analysis. Indeed, one might be interested in scale efficiency when analysing micro data. Later on, R. Färe et al. (1994) suggested a decomposition of the Malmquist productivity index under assumption of variable returns to scale (VRS). In the spirit of R. Färe et al. (1994) , we can now assume the VRS technology and thus further decompose the efficiency term into pure technical efficiency change and scale efficiency change: 
DEA models
The directional distance functions for Eqs. 7-8 can be estimated in a nonparametric deterministic way by employing data envelopment analysis (DEA). Say In order to compute the directional distance functions required for Eqs. 7 and 8, one needs to solve the four types of the linear programming problems. The first two models aim at estimating distance functions, can be computed by changing the time period t into t+1 in Eq. 11.
The mixed-period directional distance functions can be estimated by changing the reference technology (sequential production possibility set) or the observation set.
Therefore, one can compute 1 () 
In order to compute
x ,y ;g ,g , one needs to substitute superscripts t for superscripts t+1 in Eq. 12.
For a VRS technology (cf. Eq. 9), the following technology set (production possibility set) is defined: , (13) with 1 and 0 being the 1 K  vectors of ones and zeroes, respectively. As one can note, Eq. 9 involves two additional single-period directional distance functions, viz.
x ,y ;g ,g , to be estimated. This can be implemented by supplementing Eq. 8 with a convexity constraint,
Indeed, the inefficiency score, β, belongs to the interval    meaning a proportion of inputs (outputs) to which they should be contracted (expanded) so that a DMU approached the efficiency frontier.
Data and results
Data used
The technical and scale efficiency was assessed in terms of the input and output indicators commonly employed for agricultural productivity analyses (Bojnec, 2008 (Bojnec, , 2011 Douarin, 2011) . More specifically, the utilized agricultural area (UAA) in hectares was chosen as land input variable, annual work units (AWU) -as labour input variable, intermediate consumption in Litas, and total assets in Litas as a capital factor. On the other hand, the three output indicators represent crop, livestock, and other outputs in Litas, respectively. Indeed, the three output indicators enable to tackle the heterogeneity of production technology across different farms.
The data for 200 farms selected from the FADN sample cover the period of 2004-2009. Thus a balanced panel of 1200 observations is employed for analysis. The analyzed sample covers relatively large farms (mean UAA -244 ha). As for labour force, the average was 3.6 AWU.
In order to quantify the change in productivity across different farming types, the farms were classified into the three groups in terms of their specialization. Specifically, farms peculiar with crop output larger than 2/3 of the total output were considered as specialized crop farms, whereas those specific with livestock output larger than 2/3 of the total output were classified as specialized livestock farms. The remaining farms fell into the mixed farming category.
Analysis of the efficiency patterns
The single-and mixed-period efficiency scores were computed by setting
x, y and employing Eqs. 11 and 12 both without and with the convexity constraint. These models entailed the estimated of the proportional directional distance functions which can be considered as inefficiency scores. Since these variables include zero in their ranges, a geometric mean was calculated as follows:
Figure 1 presents the geometric means for both VRS (0.18) and CRS (0.25) technologies. The CRS efficiency scores suggest that years 2006 and 2009 were those of the most inefficient farming activity: A simultaneous input expansion and output reduction had had to reach 31% in 2006 and 37% in 2009 in order to maintain an effective production, whereas the respective figures for the VRS technology were 23% and 29%
1 .
Fig. 1. Mean proportional directional technical efficiency estimates (β), 2004-2009
The decrease in technical efficiency of 2006 might be explained by extremely unfavourable climatic conditions throughout the period. Meanwhile, the decline of 2009 is mostly related to the economic crisis which negatively affected the agricultural activities.
Note that the efficiency measure entailed by Eqs. 11 and 12, β, indicates the extent to which inputs and outputs should be simultaneously manipulated with higher values thereof meaning higher inefficiency (longer distance from the frontier). Therefore one can opt for analysing a modified value, 1-β, which approaches unity for efficient DMUs and zero for inefficient ones in order to arrive at an intuitively perceived indicator. By solving the CRS DEA models (cf. Eqs. 11 and 12) and VRS DEA models (Eqs. 11 and 12 supplemented with a convexity constraint) one can also assess the scale efficiency, which is lower than unity in case a certain does not DMU operate under the optimal size of scale (i. e. it has deviated from the CRS efficiency frontier). Thus the CRS TE indicates the overall technical efficiency and the VRS TE -pure technical efficiency. 1 The reported efficiency measures are those based on the sequential production possibility sets (cf. Eq. 10 and Eq. 13). Figure 2 exhibits the mean values of the modified technical efficiency (TE) scores, 1-β, as well as the scale efficiency (SE) scores across the different farming types for the period of 2004-2009. As one can note, the highest mean TE was achieved in the livestock farms, where input contraction/output augmentation of some 12% was needed on average in order to approach the efficiency frontier. The mixed farming was peculiar with the second best pure TE, albeit it had the lowest scale efficiency score. Indeed, the mixed farms are smaller and less technically advanced in general. For instance, average size of a farm from the analysed sample in terms of the UAA was 286 ha for crop farms, 130 ha for livestock farms, and 122 ha for mixed farms. One can observe the same size pattern in terms of economic size units (ESU) and AWU. Therefore, the mixed farming should expand its operation scale in order to maintain the economic viability and competitiveness. The diachronic analysis of the efficiency estimates across the three farming types was carried out in order to assess their variation. The coefficients of variation were therefore computed for each farming and efficiency type considering the data for the period of [2004] [2005] [2006] [2007] [2008] [2009] (Fig. 3) . As one can note, the highest variation was observed for measures of the technical efficiency, whereas scale efficiency was more persistent. Generally, livestock farms were specific with the lowest degree of variation in efficiency irrespectively of its measure. At the other end of spectrum, crop farming was specific with the highest variation. Mixed farms fell in between the former two farming types thanks to their diversification abilities. However, the mixed farms were specific with the highest variations in scale efficiency. As one can note, the highest variation was observed for measures of the technical efficiency, whereas scale efficiency was more persistent. Generally, livestock farms were specific with the lowest degree of variation in efficiency irrespectively of its measure. At the other end of spectrum, crop farming was specific with the highest variation. Mixed farms fell in between the former two farming types thanks to their diversification abilities. However, the mixed farms were specific with the highest variations in scale efficiency.
Dynamics of the total factor productivity
The sequential Malmquist-Luenberger (SML) index was computed in the spirit of Eq. 7 and decomposed by employing Eq. 9. The results are presented in Fig. 4 Farm expansion might be the primary cause of these developments. The decreasing pure technical efficiency, PTC, however, reduced the TFP by 16%. Therefore, it can be concluded that the structural support under Common Agricultural Policy together with farmers' own investments enabled to push the production frontier outwards, however the largest part of the analysed farms remained inefficient (negative catching up effect) and thus experienced decreasing TFP. The means of components of the sequential Malmquist-Luenberger index were computed for each farming type. Fig. 5 summarizes these variables. As one can note, livestock experienced increase in TFP, equal to 3.7% on average, whereas a decrease of some 2.9% was observed for the sample altogether. Although efficiency change was negative for the latter farming type, it had the highest mean increase in technical change (frontier shift). The livestock farms, therefore, were probably those pushing the production frontier outwards. Crop and mixed farms exhibited almost equal TFP change (cumulative index values of 0.97 and 0.96, respectively). Crop farms suffered from low efficiency change gains, whereas mixed farms underwent meagre technical change. In accordance with these findings, public support should be tailored to encourage mixed farm development in terms of their operation scale and innovative technologies that could shift the technological frontier. Crop farms should seek to increase their technical efficiency by the means of land reclamation and modernisation of the productive technology. As Oh and Heshmati (2010) pointed out the innovative DMUs, i. e. those pushing the production frontier outwards, satisfy the three conditions:
(17) The first condition (Eq. 15) discriminates those DMUs which have achieved positive technical change in between time periods t and t+1. The second condition (Eq. 16) restricts the set under analysis to those input-output sets of the period t+1 which were infeasible in the preceding period, t. Finally, the third condition (Eq. 17) stipulates that an innovative DMU should be fully efficient during the period t+1.
With respect to Eqs. 15-17 some 13 farms were identified as being innovators throughout 2004-2009. Indeed, ten farms were innovators during the period of 2004-2005, whereas the remaining three -during 2006-2007. Other periods, therefore, might be specific with asymmetric shifts in production frontiers. Again, ten of the farms-innovators were specialized crop farms, whereas the remaining three were specialized livestock farms. The proportion between them remained virtually the same throughout the time. Thus the share of livestock farms fluctuated in between 20% and 33%, whereas these farms constituted some 9-15.5% of the analysed sample. To cap it all, livestock farms were more likely to become innovators pushing the production frontier outwards.
Conclusions
1. The sequential Malmquist-Luenberger productivity index was employed to assess the dynamics of the total factor productivity in Lithuanian family farms. The proportional directional distance functions were employed to compute the productivity index. The sequential Malmquist-Luenberger index was decomposed by taking into account scale efficiency change and variable returns to scale technology. The means of productivity index and its terms were also computed for crop, livestock, and mixed farms. 2. The obtained efficiency scores suggest that years 2006 and 2009 were those of the most inefficient farming activity. Indeed, a decrease in technical efficiency of 2006 might be explained by extremely unfavourable climatic conditions throughout the period, whereas that of 2009 is mostly related to the economic crisis which negatively affected the agricultural activities. Analysis of the scale efficiency scores suggested that the mixed farming should expand its operation scale in order to maintain the economic viability and competitiveness. 4. The innovative decision making units -family farms -were identified in terms of distance function and productivity index values. The results do indicate that livestock farms are more likely to become innovators pushing the production frontier outwards.
5. As regarding the policy implications, public support should be tailored to encourage mixed farm development in terms of their operation scale and innovative technologies that could shift the technological frontier. Crop farms should seek to increase their technical efficiency by the means of land reclamation and modernisation of the productive technology. Suchlike frontier benchmarking iteratively performed on a wider scale could give a momentum for identification of the good practice manifestations and the mutual learning amongst the farmers. For the latter purpose the identification data could be recovered from the FADN database.
